Abstract: A 152-week-old male Royal College of Surgeons (RCS) rat kept as a non-treated animal in a long-term animal study presented with a soft mass in the anterior mediastinum, which adhered to the pleura of the lung. Histopathologically, the mass mainly consisted of round to short spindle-shaped tumor cells that had infiltrated through the hyperplastic thymic tissue. The tumor cells were arranged in loose to dense sheets. Nuclei were moderate in size and round to spindle-shaped, with small nucleoli. Almost all tumor cells exhibited abundant eosinophilic cytoplasm, including eosinophilic granules of a range of sizes. The granules of tumor cells exhibited metachromasia with toluidine blue stain and were positive for c-kit and mast cell protease II. These findings indicate that the tumor described here represents a rare case of spontaneous malignant mast cell tumor with thymic epithelial hyperplasia.
Mast cell tumors are extremely rare in rats: rat mast cell tumors have only been reported in two case reports and 12 cases in National Toxicology Program (NTP) pathology database entries 1, 2 . Histopathologically, the mast cell tumors described in the two case reports originated in the thymus and in the eyelid, and they were reportedly characterized by sheet-like proliferation of the round cells and fine eosinophilic granules in the cytoplasm. However, infiltration of eosinophils and an increase in collagen fibers were not observed, unlike in cases of these tumors in dogs and cats [1] [2] [3] [4] . This report describes the histological characteristics of a spontaneous malignant mast cell tumor with thymic epithelial hyperplasia in a male Royal College of Surgeons (RCS) rat.
RCS/Kyo (RCS) rats were maintained at the National BioResource Project-Rat (NBRP-Rat) facility of Kyoto University (Japan). RCS rats are an inbred strain that is well known for its predisposition to inherited retinal degeneration; consequently, these rats are widely used for research on hereditary retinal dystrophy [5] [6] [7] . The progenitors of the RCS rats used in this study were obtained from the NBRPRat facility and maintained in our laboratory as an inbred strain by full-sibling mating. A 152-week-old RCS male rat was reared in a barrier-sustained animal room maintained at a temperature of 24 ± 2°C with a relative humidity of 60 ± 20%, a 12 h light/dark cycle, and ventilation at least 12 times/h. The rat was kept as a non-treated animal in a longterm study and fed a standard diet and chlorinated water ad libitum. Apart from coarse hair, no clinical signs were apparent until the scheduled sacrifice at 152 weeks of age. The rat was deeply anesthetized with a high dose of pentobarbital (Nembutal, Sumitomo Dainippon Pharma Co., Ltd., Osaka, Japan) and then euthanized by exsanguination. The study was approved by the Committee for Animal Experiments of Setsunan University. Grossly, a mass of 40 × 30 × 15 mm was observed in the anterior mediastinum. The mass was found to be adherent to the pleura on the right anterior lobe of the lung. Small masses (1-7 mm in diameter) that were adherent to the lung and the esophagus were identified around the main mass. The mass was soft, and the cut surface contained a milky white to yellow area with scattered petechia and gray-white area (Fig. 1 ). Specimens were fixed in 10% neutral phosphorylated formalin (pH 7.4), dehydrated in a graded series of ethanol, and embedded in paraffin. Sections (4 µm) were subsequently stained with hematoxylin and eosin and toluidine blue stain. Immunohistochemical staining by a labeled polymer method was carried out using N-Histofine MAX PO rat (M or R) (Nichirei, Tokyo, Japan). The following primary antibodies were used: anti-human c-kit (1:200, rabbit polyclonal antibody, DAKO, Kyoto, Japan), anti-rat mast cell protease II (1:800, mouse monoclonal antibody, Moredun Scientific, Scotland, UK), anti-histamine (1:800, rabbit polyclonal an-tibody, Chemicon, Temecula, CA, USA), anti-cytokeratin AE1/AE3 (1:400, mouse monoclonal antibody, DAKO), antivimentin (1:400, mouse monoclonal antibody, DAKO), anti-cytokeratin 8 (pre-diluted, mouse monoclonal antibody, PROGEN, Heidelberg, Germany), and anti-cytokeratin 14 (1:1,200, mouse monoclonal antibody, BioGenex, Fremont, CA, USA).
Histopathologically, the mass was composed of an eosinophilic and a basophilic area, while the border region contained a mixture of both areas ( Fig. 2A) . The cell density of the eosinophilic area varied from sparse to dense, and round to short spindle-shaped tumor cells were arranged in loose to dense sheets. In the area with low cell density, tumor cells exhibited characteristics of cells of round cell tumors ( Fig.  2B and 2C ). In the area with high cell density, tumor cells were in contact with one another, and cell boundaries were indistinct. Nuclei were medium-sized and round to spindleshaped, with small nucleoli. Almost all tumor cells had abundant eosinophilic cytoplasm containing various-sized eosinophilic granules. The granules in the majority of tumor cells exhibited metachromasia with toluidine blue stain (Fig. 2D) . Immunohistochemically, the tumor cells were positive for c-kit, strongly positive for rat mast cell protease II (Fig. 2E) , and mostly negative for histamine; these three proteins are considered mast cell tumor markers. All tumor cells were negative for cytokeratin AE1/AE3 and positive for vimentin. Ultrastructurally, the various-sized granules contained nonstructural and homogeneous materials consistent with mast cell granules ( Fig. 2F and 2G ). The tumor had disseminated to the pleura of the lung and to the esophagus, as well as to the adventitia of the left ventricles and the aorta. No apparent metastasis was seen.
The basophilic area of the mass resembled normal thymic tissue in that it consisted of a large number of lymphocytes and thymic epithelial cells (Fig. 3A) . The area with low epithelial cell density was formed within the high-epithelial cell density area. The epithelial cords were distributed throughout the high-epithelial cell density area, while cell nests and solid growth were not seen in the basophilic area of the mass. The hyperplastic epithelial cells had moderate to abundant eosinophilic cytoplasm with round to ovoid nuclei. Lymphocytes in the area with a high epithelial cell density were mostly small cells with coarse chromatin and were interspersed with a small number of large lymphocytes. However, lymphocytes in the area with a low epithelial cell density were mostly uniform medium-sized cells with fine stippled chromatin. Immunohistochemically, the thymic epithelial cells in the area with a high epithelial cell density exhibited positive staining for cytokeratin 8 (Fig.  3B) , which is expressed in thymic cortical epithelial cells. The thymic epithelial cells in the area with a low epithelial cell density were positive for cytokeratin 14 (Fig. 3C) , which is expressed in medullary epithelial cells.
The present tumor, which was located in the anterior mediastinum, had invaded the adjacent thymus tissues and disseminated to the thoracic cavity. The tumor was characterized by the dense proliferation of round to spindle-shaped cells and resembled a round cell tumor. The tumor cells exhibited metachromasia with toluidine blue stain as well as strong immunopositivity for mast cell markers. Based on these characteristics, the mass was diagnosed as a malignant mast cell tumor.
Mast cell tumors are common skin neoplasms in dogs and cats 3, 4 , where they are generally composed of round cells with eosinophilic and basophilic granules yielding metachromasia. With regard to rodents, chemical-and radiation-induced mast cell tumors, as well as spontaneous mast cell tumors, have been reported in mice [8] [9] [10] [11] [12] ; however, to our knowledge, mast cell tumors are very rare in rats: only two case reports and 12 NTP pathology database entries exist for rat mast cell tumors 1, 2 . The mast cell tumors in the two previous case reports originated in the thymus and in the eyelid and were characterized by sheet-like proliferation of the round cells as well as by the presence of fine eosinophilic granules in the cytoplasm. In the case reported here, highly similar morphological features were observed, suggesting that eosinophilic granules may be characteristic of mast cell tumors in rats. Although the tumor in the present case displayed a variety of cell and granule morphologies and dissemination, the degree of malignancy of the present tumor may have been greater than those of the previously reported cases.
Differential diagnoses for the present tumor included thymoma, granular cell tumor, and globule leukocyte tumor. Thymoma, an epithelial tumor, is easily distinguishable from a round cell tumor; however, the sheet-like proliferation observed in the present case resembled that in tumors of epithelial origin, thus making the rat tumor difficult to differentiate from thymoma. Immunohistochemical negative staining for cytokeratin AE1/AE3 provided the most definitive evidence required to distinguish the rat tumor from thymoma. Granular cell tumors and globule leukocyte tumors are characterized as round cell tumors with eosinophilic granules, similar to those observed in the current case. Accordingly, metachromasia, using toluidine blue, was required to confirm the diagnosis 1, 2, 13, 14 . The thymic region of the tumor described here was composed of two areas with different densities, as well as different epithelial cell and lymphocyte morphologies, suggesting that cortical and medullary thymic components may have been maintained in the tumor. In humans, cortical and medullary thymic epithelial cells yield different expression patterns of cytokeratin: medullary thymic epithelial cells express cytokeratin 5 and cytokeratin 14, whereas cortical thymic epithelial cells express cytokeratin 8 and cytokeratin 18 15, 16 . Accordingly, immunohistochemical staining of cytokeratins definitively distinguishes between the cortex and the medulla. In this study, the expression patterns of cytokeratins 8 and 14 were analyzed in thymic epithelial cells of a normal RCS rat and shown to be similar to those observed in humans. Cytokeratins 8 and 14 were thus considered suitable markers for distinguishing between the cortex and medulla in RCS rats. In the RCS rat described here, the distribution of cytokeratins 8 and 14 corresponded to the areas with high and low epithelial cell densities, respectively. It was therefore clear that the thymic area described here possessed both cortical and medullary components but that the epithelial cell density differed from that of the normal thymus. However, growth of solid tubules and epithelial cords, which represent a characteristic feature of benign thymoma, was not observed in our case. The area exhibiting high epithelial cell density thus represented the cortical component of the tumor with thymic epithelial hyperplasia; accordingly, this region was diagnosed as thymic epithelial hyperplasia. In our laboratory, we previously detected only one benign thymoma in about 20 RCS rats of over 120 weeks of age; however, almost all thymus showed severe involution. Therefore, this strain may not be prone to the development of thymic epithelial hyperplasia and thymoma.
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